Introduction {#Sec1}
============

Trigeminal autonomic cephalalgias (TACs) are primary headache syndromes that owe their name to the trigeminal distribution of the pain and the accompanying ipsilateral autonomic symptoms, as defined by the International Classification of Headache Disorders (ICHD)-III beta criteria \[[@CR1]\]. The most prevalent TAC is cluster headache, but the category also includes rare diseases such as paroxysmal hemicrania, short-lasting unilateral neuralgiform headache attacks with conjunctival injection and tearing (SUNCT), short-lasting unilateral neuralgiform headache attacks with cranial autonomic symptoms (SUNA), and hemicrania continua.

It is well known that an underlying structural lesion can lead to TAC symptoms, which cannot easily be differentiated from those of idiopathic TACs \[[@CR2], [@CR3]•\]. Recognizing these underlying pathologies is of crucial importance, as they can influence treatment and outcome. Here, we will give an update of recently published cases with an underlying structural lesion and a TAC phenotype.

Methods {#Sec2}
=======

In 2009, our group published a comprehensive update of symptomatic TACs, reported until mid-February 2009 \[[@CR4]\]. With this report as starting point, we conducted a PubMed search from February 2009 to January 2015 with the following key words: trigeminal autonomic cephalalgia, cluster headache, hemicrania continua, SUNCT, SUNA, paroxysmal hemicrania, secondary, and symptomatic. Only articles written in English were included of which the full text was available. Cases were divided into three categories: *probably secondary*, *possibly secondary*, and *unknown*. Cases were defined as *probably secondary* when there was a dramatic improvement of the headache after treatment of the underlying lesion. Cases were defined as *possibly secondary* when the patient was treated but did not become headache free, or was not treated, but where a causal relation was possible based on previous experience with other patients. Efficacy of indomethacin was not considered as treatment response in paroxysmal hemicrania and hemicrania continua, as this is one of the diagnostic criteria and not specifically aiming at an underlying lesion. The category *unknown* was used for patients in which a causal relation between the phenotype and the lesion was less likely or at least unclear: in most cases, the patient was not treated and a causal relation between the lesion and the TAC was unlikely on anatomical grounds and/or a probable incidental finding.

Results {#Sec3}
=======

Cluster Headache {#Sec4}
----------------

We found 23 cases with a cluster headache-like phenotype in 23 articles \[[@CR2], [@CR5], [@CR6]•, [@CR7]--[@CR10], [@CR11]•, [@CR12]--[@CR26]\]. We excluded 3 patients, as they did not fulfil the ICHD-III criteria beta version, all having an attack duration of more than 3 h \[[@CR18], [@CR23], [@CR25]\]. We excluded also another patient who did not have a structural lesion \[[@CR16]\]. This resulted in 19 patients of whom 12 could be categorized as *probably secondary* and 7 as *possibly secondary* (Table [1](#Tab1){ref-type="table"}).Table 1Symptomatic cases of cluster headacheAuthorsPublication yearAge (year)SexHeadache phenotypeDuration of CH symptomsAtypical featuresUnderlying lesionTreatmentFollow-upOutcomeProbably symptomatic cluster headache Edvardsson \[[@CR13]\]201449MCluster headache1 monthNausea, photophobia, and phonophobiaNon-functioning pituitary adenoma (chromophobe adenoma)Sumatriptan SC, oxygen, verapamil, surgery17 monthsPain free Malissart et al. \[[@CR19]\]201460FCluster headache3 days--Ipsilateral carotid paragangliomaSurgeryUnknownPain free Edvardsson et al. \[[@CR10]\]201343MCluster headache2 monthsNausea and photophobia/phonophobiaIntrasellar arachnoid cystCraniotomy with cyst fenestration4 monthsPain free Edvardsson et al. \[[@CR12]\]201321MCluster headache3 weeks--Maxillary sinusitisAntibiotics and sinus puncture4 yearsPain free Levy et al. \[[@CR17]\]201225MCluster headache3 months--Ipsilateral pituitary macroprolactinomaCabergolineUnknownPain free Edvardssonet al. \[[@CR9]\]201241MCluster headache3 monthsNausea and photophobia/phonophobiaIpsilateral glioblastoma multiformeSurgery12 monthsPain free Ranieri et al. \[[@CR22]\]200939MCluster headache14 yearsMaxillary pain next to periorbital pain, continues daily pain during last 7 months, tooth grinding, and frequently waking up at nightObstructive sleep apnoea diagnosis 14 years after CH diagnosisIntra-oral device12 monthsPain free Sewell et al. \[[@CR24]\]200934MCluster headache17 yearsAt moment of consultation, restless legs syndrome and numbness in fingersStroke caused by moyamoyaTwo cranial bypasses6 yearsPain free Edvardsson \[[@CR11]•\]201324MCluster headache4 weeks--Acute maxillary sinusitisAntibiotics and sinus punctureSeveral yearsPain free Fontaine et al. \[[@CR14]\]201327MCluster headache4 months--Ipsilateral hemangiopericytomaSurgery9 monthsPain free Van der Vlist et al. \[[@CR26]\]201331MCluster headache2 monthsDiffuse headache next to the attacksSarcoidosis (also hypothalamic lesion)Prednisone course7 monthsPain free Créac'h et al. \[[@CR8]\]201044FCluster headache7 monthsTrigger factor: rotation of head to the rightNeurovascular compression caused by fibrosis surrounding both C3 and right vertebral arteryVerapamil for 6 months, microvascular dissection2.5 yearsPain freePossibly symptomatic cluster headache Candeloro et al. \[[@CR6]•\]201339MCluster headache21 yearsOnce attack duration of \>3 hDissection of the right distal internal carotid arteryHeparin6 monthsUnknown Mijajlović et al. \[[@CR21]\]201445MCluster headache7 days--Multiple sclerosisMethylprednisolone course with afterwards verapamil for 1 year3 yearsPain free Gil-Gouveia et al. \[[@CR15]\]201379FCluster headache----48 h after lens phacoemulsification and intraocular lens implantVerapamil, sodium valproate, oxygen9 monthsDecrease in attack frequency Messina et al. \[[@CR20]\]201327MCluster headache----AngiomyolipomaHypothalamic deep brain stimulationUnknownDecrease in attack frequency Donat \[[@CR2]\]201133MCluster headache----Multiple sclerosisVerapamil10 monthsPain free Choi et al. \[[@CR7]\]200952FCluster headache10 yearsAttacks sometimes on both sides. This time also blurred vision and central horizontal scotomaRecurrent posterior scleritis and aseptic meningitisPrednisone course2 monthsUnknown Benitez-Rosario et al. \[[@CR5]\]200941MCluster headache12 monthsDepressive symptomsIpsilateral macroprolactinomaCabergoline, hormonal replacement, prednisone course, verapamilAbout 1--2 monthsPain free

Of the 12 cases in the *probably secondary* category, 5 had a neoplasm \[[@CR15], [@CR19], [@CR21], [@CR27], [@CR28]\]: a non-functioning pituitary adenoma, an ipsilateral carotid paraganglioma, an ipsilateral prolactinoma, an ipsilateral glioblastoma multiforme, and an ipsilateral hemangiopericytoma. A vascular cause, a stroke secondary to moyamoya disease, was found in 1 patient \[[@CR29]\]. Other patients had an intrasellar arachnoid cyst, maxillary sinusitis (*n* = 2), compression of the right vertebral artery by fibrosis, sarcoidosis (with a hypothalamic lesion), and obstructive sleep apnoea \[[@CR8], [@CR10], [@CR11]•, [@CR12], [@CR22], [@CR26]\].

There were seven cases defined as *possibly secondary*. Multiple sclerosis was found in two, of whom both became pain free under verapamil or prednisone, which are used as prophylactic cluster headache medication and therefore are not strictly aiming at the *underlying lesion* \[[@CR2], [@CR21]\]. Another patient had an internal carotid artery dissection, but the outcome after treatment remained unclear \[[@CR6]•\]. Other diagnoses in this category are as follows: recurrent posterior scleritis and a specific meningitis (treated with prednisone), post-operative cluster headache (lens phacoemulsification and intraocular lens implant), an angiomyolipoma, and an ipsilateral macroprolactinoma \[[@CR5], [@CR7], [@CR15], [@CR20]\]. The latter two patients responded completely or partly to treatment of the underlying lesion, but only in combination with preventive cluster headache treatment.

Paroxysmal Hemicrania {#Sec5}
---------------------

We identified three cases of paroxysmal hemicrania, of whom all were excluded as they did not fulfil the ICHD-III criteria beta version \[[@CR27], [@CR30], [@CR31]\]. The missing criterion in two patients was an unknown response to indomethacin \[[@CR30], [@CR31]\], and the third reported bilateral instead of unilateral facial pain \[[@CR27]\].

Hemicrania Continua {#Sec6}
-------------------

We identified seven cases \[[@CR28], [@CR32]--[@CR35]\] of symptomatic hemicrania continua of whom one was excluded as the patient did not receive indomethacin \[[@CR28]\]. We categorized two cases as *probably symptomatic*, three as *possibly symptomatic*, and one as *unknown* (Table [2](#Tab2){ref-type="table"}).Table 2Symptomatic cases of hemicrania continuaAuthorsPublication (year)Age (year)SexHeadache phenotypeDuration symptomsIndomethacin responseAtypical featuresUnderlying lesionTreatmentFollow-upOutcomeProbably symptomatic hemicrania continua Mathew et al.\[[@CR33]\]201442MHemicrania continua1 monthCompletelyDuration \<3 monthsCerebral venous thrombosisAnticoagulation and antiedema therapy3 daysPain free Robbins et al.\[[@CR35]\]201055FHemicrania continua7 monthsCompletelyOcular foreign body sensationBrain metastases of primary lung adenocarcinomaIndomethacin for 3 days, dexamethasone, chemotherapy, and whole brain radiation6 monthsPain freePossibly symptomatic hemicrania continua Prakash et al.\[[@CR34]\]200952MHemicrania continua10 yearsCompletely--Post-traumaticIndomethacin15 monthsPain free Prakash et al.\[[@CR34]\]200936FHemicrania continua2 yearsCompletely--Post-operative (tubectomy)Indomethacin5 monthsPain free Prakash et al.\[[@CR34]\]200944FHemicrania continua1 yearCompletely--Post-operative (left parietal craniotomy for evacuation of haematoma and repair of the fracture after trauma)Indomethacin10 monthsPain freeUnknown: symptomatic hemicrania continua or incidental co-finding DeLange et al.\[[@CR32]\]201455FHemicrania continua4 monthsCompletelyDisc edema, visual symptomsOrbital pseudotumourPrednisone, indomethacinUnknownPain free

The underlying lesions in the cases defined as *probably symptomatic* were a cerebral venous thrombosis and brain metastases of a primary lung adenocarcinoma \[[@CR33], [@CR35]\]. Both patients responded to treatment of the underlying cause, and indomethacin could be withdrawn.

In patients defined as *possibly symptomatic*, the possible causes were post-traumatic and twice post-operative \[[@CR34]\]. All received indomethacin as treatment for their hemicrania continua.

One case was classified as *unknown*. This patient was diagnosed with an orbital pseudotumour, treated with prednisone and indomethacin \[[@CR32]\].

SUNCT and SUNA {#Sec7}
--------------

We found 29 cases of SUNCT and SUNA \[[@CR3]•, [@CR29], [@CR36]--[@CR48]\] of whom 1 was excluded because of bilateral pain during the attacks \[[@CR48]\]. There were 14 cases defined as *probably symptomatic*, 12 as *possibly symptomatic*, and 2 as *unknown* (Table [3](#Tab3){ref-type="table"}).Table 3Symptomatic cases of SUNCT/SUNAAuthorsPublication (year)Age (year)SexHeadache phenotypeDuration symptomsAtypical featuresUnderlying lesionTreatmentFollow-upOutcomeProbably symptomatic SUNCT/SUNA Favoni et al.\[[@CR49]\]201353FSUNCT3 years--Compression of trigeminal nerve by right superior cerebellar arteryMicrovascular decompression trigeminal nerve11 monthsPain free Chitsanikul et al. \[[@CR37]\]201345MSUNCT3 yearsImprovement by vigorous activityIpsilateral mixed gangliocytoma and pituitary adenomaSurgery4 yearsPain free Chitsanikul et al. \[[@CR37]\]201351FSUNCT4 yearsRight arm and facial numbness during attacks, irregular menstruation, decrease in libido, galactorrhoeaIpsilateral prolactinomaSurgery18 monthsImprovement in frequency and intensity Cöven et al. \[[@CR38]\]201357FSUNCT3 years--AneurysmSurgeryUnknownPain free Domingos et al. \[[@CR40]\]201246MSUNCT3 monthsBlurred vision outside attackCavernous sinus dural fistulaSurgery1 yearPain free Guerreiro et al. \[[@CR42]\]200957MSUNCT3 monthsCompression trigeminal nerve by superior cerebellar arteryMicrovascular decompressionUnknownPain free De Lourdes et al. \[[@CR39]\]200950MSUNCT4 years--Ipsilateral macroprolactinomaCabergoline7 monthsPain free Rodgers et al. \[[@CR46]\]201333MSUNCT6--8 monthsTriggered by head movements, chewing, jaw openingIpsilateral epidermoid tumour in cerebellopontine angleGabapentin, duloxetine, pregabalin, phenobarbital, morphine, steroids, carbamazepine all ineffective, afterwards surgery6 monthsPain free Williams et al. \[[@CR3]•\]201071MSUNCT6 yearsCompression trigeminal nerve by superior cerebellar arteryLamotrigine, carbamazepine, gabapentin, baclofen, and prednisolone without benefit, surgery32 monthsPain free Williams et al. \[[@CR3]•\]201054MSUNCT/SUNA1--2 monthsCompression trigeminal nerve by superior cerebellar arteryCarbamazepine, phenytoin, gabapentin, and baclofen without benefit, surgery32 monthsPain free Williams et al. \[[@CR3]•\]201046MSUNCT3 yearsCompression trigeminal nerve by anterior inferior cerebellar artery, vein, adhesionsLamotrigine, valproic acid, and topiramate without benefit, surgery30 monthsPain free Williams et al. \[[@CR3]•\]201056MSUNA1 yearCompression trigeminal nerve by superior cerebellar arteryLamotrigine and carbamazepine without benefit, surgery20 monthsPain free Williams et al. \[[@CR3]•\]201051FSUNCT5 yearsCompression trigeminal nerve by superior cerebellar arteryLamotrigine, prednisolone, and morphine without benefit, surgery10 monthsPain free Williams et al. \[[@CR3]•\]201049MSUNCT26 years--Compression trigeminal nerve by superior cerebellar arteryLamotrigine and topiramate without benefit, surgery9 monthsPain freePossibly symptomatic SUNCT/ SUNA Favoni et al. \[[@CR49]\]201355MSUNCT9 years--Compression trigeminal nerve by superior cerebellar arteryGabapentin, verapamil, pregabapentin, and iv corticosteroids course, indomethacin for 1 month without effect, response on carbamazepineUnknownPain free Chitsanikul et al. \[[@CR37]\]201325FSUNCT6 years--Ipsilateral prolactinomaIndomethacin, lamotrigine, topiramate, carbamazepine, gabapentin, oxycodone, and greater occipital nerve block all without effect, surgery1 yearNo improvement Chitsanikul et al. \[[@CR37]\]201356FSUNCT----Ipsilateral pituitary tumourSurgery6 monthsNo improvement Chitsanikul et al. \[[@CR37]\]201330FSUNCT12 years--Ipsilateral prolactinomaSurgery20 yearsNo improvement Cascella et al.\[[@CR29]\]201157FSUNCT1 month--Lung adenocarcinomaGreater occipital nerve block and indomethacin without effect, valacyclovir, and prednisone course, chemotherapy, gabapentin5 monthsPain free Kutschenko et al. \[[@CR44]\]201081FSUNCT5 months--Ipsilateral meningiomaGabapentinUnknownPain free Bogorad et al. \[[@CR36]\]201061FSUNCT2 years--Multiple sclerosisCarbamazepine, steroids, and indomethacin1 dayPain free Theeler et al. \[[@CR47]\]200927FSUNCT14 yearsAbnormal menstrual cycles and galactorrheaHistory of left optical nerve hypoplasia since 2 years, mild hypothalamic-pituitary dysfunctionObservation8 monthsNo change in attack frequency Ito et al. \[[@CR43]\]200949MSUNCTSeveral daysFeverViral meningitisSumatriptan SC for 3 daysUnknown, at least 4 daysPain free Williams et al. \[[@CR3]•\]201061MSUNCT/SUNA3 yearsCompression trigeminal nerve by superior cerebellar artery and veinLamotrigine and phenytoin without benefit, surgery22 monthsPersistent attacks Williams et al. \[[@CR3]•\]201048FSUNA2 yearsCompression trigeminal nerve by anterior inferior cerebellar artery and veinLamotrigine and gabapentin without benefit, surgery20 monthsPersistent attacks Williams et al. \[[@CR3]•\]201049FSUNCT5 yearsCompression trigeminal nerve by superior cerebellar arteryLamotrigine, indomethacin, pethidine, and topiramate without benefit, surgery10 monthsPersistent attacksUnknown: symptomatic SUNCT/SUNA or incidental co-finding Granato et al. \[[@CR41]\]201472MSUNCT--FeverVaricella zoster virus meningoencephalitis (after 1 week)Gabapentin, acyclovir intravenous course, anti-platelet treatment1 monthDied Panconesi et al. \[[@CR45]\]200954MSUNCT or trigeminal neuralgia14 years--Posterior fossa abnormalityGabapentin together with carbamazepineUnknownReduction in attacks*SUNCT* short-lasting unilateral neuralgiform headache attacks with conjunctival injection and tearing, *SUNA* short-lasting unilateral neuralgiform headache attacks with cranial autonomic symptoms

Most cases were defined as *probably symptomatic* SUNCT/SUNA. The cause found in patients with *probably symptomatic* SUNCT was most often compression of the trigeminal nerve by an artery (8 out of 14), followed by malignancies as a mixed gangliocytoma, an epidermoid tumour, and prolactinomas \[[@CR3]•, [@CR37], [@CR39], [@CR42], [@CR46], [@CR49]\]. Furthermore, an aneurysm and cavernous sinus dural fistula were found \[[@CR38], [@CR40]\]. All patients responded completely to treatment of the underlying cause, which was most often surgery.

Tumours were most often the underlying cause in the category *possibly symptomatic* SUNCT/SUNA: an ipsilateral prolactinoma (*n* = 2), an ipsilateral pituitary tumour, a lung adenocarcinoma, and an ipsilateral meningioma \[[@CR29], [@CR37], [@CR44]\]. Furthermore, trigeminal nerve compression (*n* = 4), multiple sclerosis, a mild hypothalamic-pituitary dysfunction by optical nerve hypoplasia, and a viral meningitis were reported. Five patients became pain free under preventive SUNCT treatment \[[@CR3]•, [@CR36], [@CR43], [@CR47], [@CR49]\].

There were two cases categorized as *unknown*. One patient developed a varicella zoster virus meningoencephalitis 1 week after the SUNCT attacks and died within several weeks from arrhythmia secondary to myocarditis, likely as consequence of the viremia \[[@CR41]\]. In the other patient, a small posterior skull and a cerebellar hypoplasia, without dysplasia, were found. A causal relation between the development of SUNCT and this anomaly is uncertain \[[@CR45]\].

Conclusion {#Sec8}
==========

The goal of this review was to give an update on underlying structural lesions associated with TACs, published between February 2009 (since the last review) and January 2015. We identified 53 typical cases: 19 cases with cluster headache, no cases with paroxysmal hemicrania, 6 cases with hemicrania continua, and 28 cases with SUNCT/SUNA.

Tumours were reported in 16 of the 53 cases diagnosed with a TAC, mainly pituitary tumours. Prolactinomas were found in 2 cluster headache and 4 SUNCT patients, followed by pituitary adenomas (*n* = 2). It has indeed been reported that pituitary tumours account for a large portion of the secondary causes of SUNCT \[[@CR50]\]. The other way around, various types of headache including TACs have been reported as a frequent symptom of pituitary tumours \[[@CR51]\]. An association between the side of the tumour and side of the headache has been suggested \[[@CR52]••\]. In most of the reported cases of secondary SUNCT and secondary cluster headache, surgery or medical treatment of the pituitary tumour resulted in improvement.

A vascular lesion as an underlying cause was less often found. An intracranial or extracranial dissection was reported in only 1 of the 19 cluster headache patients. This patient was diagnosed with cluster headache several years before he experienced a cluster headache attack with prolonged duration, which was probably caused by a carotid dissection \[[@CR6]•\]. Dissection as a cause for cluster headache is rare but has been reported in earlier reviews \[[@CR4], [@CR50]\]. Recognition is of crucial importance as it can have serious consequences for patients. Cases with carotid dissection have shown improvement of the headache after antiaggregant or anticoagulant therapy. Most patients did not even need preventive cluster headache treatment. Repeated contrast-enhanced magnetic resonance imaging (MRI) should be considered if the characteristics of the headache attacks change over time.

In 12 SUNCT patients, a trigeminal nerve compression by vascular structures as possible cause of SUNCT was found. Eight of 11 surgically treated patients became headache free, whereas only 3 patients had no benefit of the procedure. This is an important finding as SUNCT is often considered medically intractable. Trigeminal nerve compression was found in 42.8 % of this series.

A sinusitis was considered probably causal in 2 cluster headache patients. Sinusitis is a common misdiagnosis in cluster headache. Lainez et al. showed that 14 of 75 cluster headache patients (18.7 %) were initially misdiagnosed as having a sinusitis \[[@CR53]••\]. It is sometimes very difficult to make a clear distinction between sinusitis and a TAC \[[@CR54]\].

In summary, we found 53 typical cases of secondary TACs in our literature study covering the period from February 2009 to January 2015. Secondary underlying lesions seem to be rare in TACs. However, physicians should be aware of possible underlying pathology, as, for example, prolactinomas or glioblastomas, arteriovenous malformations, dissections, and various inflammations can cause a TAC-like phenotype. In our opinion, not only a contrast-enhanced cerebral MRI should be considered once in every patient to exclude a causal underlying pathology but also imaging of cervical vascular structures.

Most of our findings are in accordance with those of Wilbrink et al. \[[@CR4]\]. Of additional importance is the more recent observation that in more than 40 % of patients with SUNCT/SUNA, a trigeminal nerve compression by the superior or inferior cerebellar artery was present and that most of these patients experienced spectacular improvement of their headache after surgical decompression. In contrast to other reviews, we found less frequently an intracranial or extracranial dissection causing cluster headache \[[@CR4], [@CR50]\]. This could be explained by the fact that there are already various case reports about intracranial and extracranial dissections causing cluster headache \[[@CR55]--[@CR57]\]. The importance of a cerebral MRI to exclude underlying lesions is shown in the current review, as cerebral lesions (e.g. pituitary tumours) were associated with TACs.
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